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1. INTRODUCTION The anomalous expansion of iron and certain steels when heated over the range 600 to 1000°C has been known for a number of years. The structural changes taking place at or near these points of nonuniform expansion have been given considerable attention within the last decade. In addition to the irregularities in expansion, which are influenced by these changes, there are numerous other physical properties which are modified during the passage through the above temperatiu-e range. Among the effects which have been used to more accurately chart this region are: Changes in electrical, magnetic, elastic, and thermal 6ir 6i2 Scientific Papers of the Bureau of Standards Woi.i? properties, changes in microstructure, hardness, and rate of expansion.
The present paper presents additional data on the last-named property, and while the emphasis will not be placed on the structural (Fig. 3) . Specimen S484 (Fig. 4) is not included in this comparison because of the lack of proper temperature range necessary to bring out these differences.
The low expansivity of invar at room temperatures is due to the fact that this E, F region has been lowered to corresponding temperatures. Other specimens of nickel steel showing this lowering of the E, F region are: S559 (Fig. 5) and S563 (Fig. 6 ).
These curves, including S484, give their relations to other steels at high temperatures. Excluding nickel steels, the greatest displacements are given by S546 (Fig. 7) , S547 (Fig. 8) , and S504 (Fig. 9 ).
On S556 (Fig. 10) this difference is only 17°C, whereas on S546 (Fig. 7) it amounts to 110°C . Now, the usual procedure in hardening steel is to quench from some temperature a certain number of degrees above the temperature of the irregularities of the heating curve. Should it develop that the most desirable quality is present in the steel at point E (after having passed point C) rather than at point C, it is conceivable that errors approaching 100°C may have entered the quenching values.
Alloys showing the maximum differences between temperatures B and C {BB') are S504 (Fig. 9) , S556 (Fig. 10) , and S554
( Fig. 11) .
Similarly between E and F {E'F) we have S504 (Fig. 9) , S562 (Fig. 12) , and S553 (Fig. 3) . Cast iron is excluded because of the indefiniteness due to growth. Perhaps one of the most important variations is that of length change between E and F {EE') . If we assume the usual stressstrain relations as applying in this case then the stresses set up within a specimen, the outer shell of which has passed through this range before the inner, will be proportional to the length {EE') . This feature will be discussed later in connection with the results of a hardened specimen (S614). Specimens S551 (Fig. 13) and S566 (Fig. 14) illustrate this maximum expansion on cooling.
The rate at which this stress is applied depends upon the value of EE' , the value of E'F, and the rate of cooling of the different sections of the specimen.
It is interesting to note that the specimen of high silicon steel S457 (Fig. 15) gave only slight if any reversals although heated to 1002°C.
The coefficient of expansion of iron over the range 25 to 100°C is I2.oXIO"^The average value for 25 of the steels tested is iLsXio"", and the deviations (excluding high chromium and Undoubtedly the coarser grain structure of the higher temperatures has some influence; but the cooling of the outer layer before the interior cools will set up stresses, since this outer layer adapts itself about the interior before the interior has passed through the critical region where it will tend to expand, and to stretch or crack the outer shell. The release of this stress of outer shell is shown in S614 (Fig. 16) 
